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Nutritive valueAbstract This study was carried out to utilize Crayﬁsh (Procambarus clarkii) ﬂesh to produce
canned products i.e. control (with or without vegetables). To some extent, raw Crayﬁsh meat
contains high contents of protein (15.22%) and fat (1.29%). Canned Crayﬁsh products have a high
nutritional quality of protein and high nutritional value as indicated by the values of total
indispensable amino acids (TIAAs), Indispensable amino acids index (IAAsI), biological value
(B.V.%) and percentage satisfaction of indispensable amino acids upon consuming 150 g of the
product (P.S./150 g%). The (GDR value) grams consumed to cover the daily requirements of indis-
pensable amino acids for adult man were lower. Thermophilic bacteria were not detectable and
TBC were within the Egyptian standard speciﬁcation (E.O.S., 1990). The consumption of 150 g
(one jar) of canned crayﬁsh product covered the major minerals by about P (80–95%), Ca
(72–92%), Mg (47–75%), Na (31–36%) and K (19–24%). Thus, canned Crayﬁsh products under
investigation had a high nutritional quality and acceptability as arranged in the following order,
canned Crayﬁsh with tomato sauce in green peas (CCP) was the best treatment, followed by canned
Crayﬁsh with tomato sauce in green beans (CCB) and canned Crayﬁsh with tomato sauce (control)
(CCC).
ª 2015 Hosting by Elsevier B.V. on behalf of National Institute of Oceanography and Fisheries. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Fish and shellﬁsh are known to be a source of protein as they
are rich in essential amino acids (lysine, methionine, cystine,
threonine, and tryptophan) (Sikorski, 1994), micro and macro
elements (calcium, phosphorus, ﬂuorine, iodine), fats that are
valuable sources of energy, fat-soluble vitamins andunsaturated fatty acids. They also have a hypocholesterolemic
effect (antiarteriosclerosis) (Fernandez and Venkatrammann,
1993). Fresh water Crayﬁsh (Procambarus clarkii) had been
introduced to the Egyptian Nile water and dispersed widely
in both the Nile River and its branches in all parts of Egypt
(El-Mossalami and Emara, 1999; Fisher and Red Swamp,
2006). In Egypt, the present stock of crayﬁsh annual yield is
estimated to be about 4.6 tons (Emam and Khalil, 1995).
Crayﬁsh is a cheap source of protein and sea food that is sim-
ilar to the much expensive shrimp and lobster, but is much less
in price compared to them. Because they can lose the
accumulation of heavy metals and chemicals when they molt,
they are relatively pollutant free. Crayﬁsh are also ﬂavorful
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lobster); they are sold in ﬁsh markets all over the world.
Every year 75,000 tons, with a value of over $ 50 million, are
produced in U.S.A. alone (Helfrich and Distelano, 2003).
Crayﬁsh, also eaten in Europe and China, are the most popular
in Louisiana, as they are consumed in various dishes (Fisher and
Red Swamp, 2006). The ﬂesh of P. clarkii is recommended as a
source of animal protein for Egyptian citizens; its carapace can
be used as forage for animals (Baheyeldine, 2007). Therefore, in
Egypt and other countries, the red Crayﬁsh most certainly has
become a new and important food source (Ibrahim et al.,
1995). Accordingly, Mohamed et al. (2000) and Zaglol and
Eltadawy (2009) studied the chemical quality and nutritional
value of freshwater Crayﬁsh (P. clarkii). El-Kholie et al.
(2012), determined the chemical, physical, microbiological and
qualitative attributes of red Crayﬁsh samples; they found that
Crayﬁsh ﬂesh is considered a good source of minerals and
amino acids with the total weight of inedible parts as 84.64%
of the live weight. In another study, the amount of tail meat
in red claw Crayﬁsh was found to be approximately 22% of
the total weight (Jones, 1989). Therefore; the objectives of this
study are to utilize the edible parts of red freshwater Crayﬁsh
in the production of high quality canned Crayﬁsh products
and estimate physiochemical, microbiological, qualitative prop-
erties as well as the nutritional value, major minerals and sen-
sory properties of these products.
Materials and methods
Crayﬁsh samples
Freshwater red Crayﬁsh (P. clarkii) with a mean weight of
(30 ± 5 g), was purchased from ﬁshermen in El-Kanater ﬁsh
market during September, 2014. It was directly transferred in
an ice box to the Laboratory of Fish Processing and
Technology in El-Kanater El-Khiria, Fish Research Station,
National Institute of Oceanography and Fishers. Crayﬁsh
meat was then manually peeled and the tail meat was removed
from the shells for various examinations and processing.
Ingredients
Vegetables including fresh green pea seeds (Pisumsativum) at
the stage of milk maturity and green beans (Thaseolus vulgaris)Table 1 The recipe was used in the preparation of canned River N
Ingredients Canned Crayﬁsh in tomato
sauce (Control) (CCC) (g or ml)
Canned
Green p
(g or ml
Crayﬁsh tail meat 100 60
Brine (10%) 15 15
Sunﬂower oil 15 15
Tomato sauce 20 20
Green peas – 24
Green beans – –
Fried carrot – 10
Fried onion – 4.8
Spices – 1.2were used. Carrots (Daucus carota), onions (Allium cepa), a
mixture of spices, tomato sauce, sunﬂower oil and sodium
chloride along with glass jars of 165 g capacity with screw
caps, were obtained from the local market.
Preparation of canned Crayﬁsh products
Their treatments were done as follows: (1) canned crayﬁsh
without vegetables as control, (2) canned Crayﬁsh with
green peas, (3) canned Crayﬁsh with green beans. After
preparation of the Crayﬁsh ﬂesh, the mixture of vegetables
and spices was prepared. The full size pods of green peas
were washed carefully and peeled to separate the pea seeds.
The pods of green beans were cleaned, washed, trimmed
and chopped by using a rotary knife cutter to give pieces
of 2–3 cm in length. The main roots (edible portion) of yel-
low carrot were cleaned, trimmed, peeled then washed care-
fully and chopped to suitable pieces. After that, they were
fried in pre-heated sunﬂower oil at 130 ± 2 C until the
desired color was obtained. The edible portion of the onion
was cleaned, trimmed, to remove the roots and undesirable
outer layers, and then washed; it was later left to dry and
was ﬂaked. The onion ﬂakes were fried in pre-heated sun-
ﬂower oil at 130 ± 2 C until the desired color was
obtained. The spice mixture was individually cleaned,
ground, sieved and formulated by mixing as shown in
Table 1.
Vegetables and spices and 100 g of Crayﬁsh ﬂesh were
packed in cleaned glass jars that contained 15 ml boiled brine
solution (5%), 15 ml heated sunﬂower oil and 20 g tomato
sauce as ﬁlling media (control). 60 g of Crayﬁsh ﬂesh was
packed in glass jars and 40 g of vegetables (60% green peas
(Trial 1) or beans (Trial 2), 25% fried carrot, 12% fried onion
and 3% spices) was packed in the glass jars containing 15 ml
boiled brine solution with 15 ml heated sunﬂower oil and
20 g tomato sauce as ﬁlling media. The headspace was about
(10%) away from jar contents (150 g) to allow the contents
to boil during heat processing without disturbing the seal.
The jars were exhausted for 30 min. in boiling water using
an autoclave. The lids were then screwed, sterilized in an auto-
clave at 116 C for 30 min and cooled by tap water for one
hour. They were also subjected to chemical, microbiological
and nutritional values along with major elements and sensory
evaluation analysis.ile Crayﬁsh products with some vegetables.
Crayﬁsh in tomato sauce with Spice mixture
(1.2 g)
%
eas (CCP)
)
Green beans (CCB)
(g or ml)
60 Black pepper 32
15 Coriander 22.5
15 Cumin 15
20 Cardamom 10
– Red pepper 9
24 Cubeb 7.5
10 Cloves 4
4.8
1.2
Table 2 Chemical composition and quality criteria of fresh
River Nile Crayﬁsh (RNC) ﬂesh.
Constituents % On wet basis Quality
criteria
On wet basis
Moisture 82.15 ± 0.03 TVB-N 8.21 ± 0.05
Protein 15.22 ± 0.07 TMA-N 0.72 ± 0.02
Fat 1.29 ± 0.03 TBA 0.27 ± 0.11
Ash 1.18 ± 0.02 pH 6.98 ± 0.31
Carbohydrates 0.16 ± 0.21 TBC (cfu/g) 2.15 · 103 ± 0.09
Each value is represented as the mean ± SD of n= 3.
TVB-N: total volatile basic nitrogen (mg/100 g sample).
TMA-N: trimethylamine nitrogen (mg/100 g sample).
TBA: thiobarbituric acid (mg Malonaldehyde/kg sample).
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Analysis was made on fresh Crayﬁsh meat samples immedi-
ately after the preparation and the canning of the products.
Total contents in the jar (150 g) were homogenized by a
porcelain mortar. Moisture, protein (N · 6.25), fat and ash
contents were determined according to the methods recom-
mended by A.O.A.C (2002). Carbohydrates were determined
by difference. Energy value was estimated by multiplying pro-
tein and carbohydrates by 4.0 and fat by 9.0, according to the
methods recommended by A.O.A.C (2002). Total volatile
basic nitrogen (TVB-N) was determined by the Macro distil-
lation method proposed by Pearson (1991). Trimethylamine
nitrogen (TMA-N) was determined using the standard
method as described by the A.O.A.C (2002). Thiobarbituric
acid number (TBA) was determined by Pearson’s description
(1991). The pH value was measured according to the method
described by Woyewoda et al. (1986). Major elements,
Potassium (K), sodium (Na) calcium (Ca), phosphorus (P)
and magnesium (Mg), were determined as described by the
A.O.A.C (2002) in the Central Laboratory, Faculty of
Agriculture, Fayoum University. Amino acids were deter-
mined according to the method described by Pellett and
Young (1980). Amino acids were determined by using an
Amino acid analyzer (Eppendorf LC 3000, Hamburg,
Germany) in the National Research Center. The values of
amino acids were expressed as g/100 g sample and g/16gN.
Evaluation of nutritional protein quality and nutritional val-
ues of the amino acids scores (AAS) that were calculated for
essential amino acids in relation to FAO/WHO/UNU refer-
ence protein (1985) according to Bhanu et al. (1991), was
as follows:
A: A: S: ¼ A: A: in the sample ðg=16gNÞ
A: A: of refrance protein ðg=16gNÞ  100
Indispensable amino acids index (IAAsI) was calculated
according to (Hidvegi and Bekes, 1983) and biological
value (B.V.%) was calculated as recorded by (Oser,
1959) as follows: (B.V. = 1.09 · EAAI  11.73). The con-
sumed grams of canned Crayﬁsh products that should
cover the daily requirements of essential amino acids
(GDR) and the percent satisfaction after consuming
150 g of sample (P.S./150g%), were calculated as given
by (Anon., 1989).
Organoleptic evaluation
The color, taste, odor, texture and general acceptability
of canned Crayﬁsh products were evaluated according to
El-Sherif (2001) by seven panelists chosen from staff members
of the Laboratory of Fish Processing and Technology in
El-Kanater El-Khiria ﬁsh research station.
Microbiological analysis
Total bacterial count (TBC) was determined by using nutri-
ent agar media and according to the FAO (1992). The ther-
mophilic bacterial counts were determined (Gould and
Hurst, 1969), and the results were expressed as cfu/g
sample.Statistical analysis
Standard deviation and the data from sensory evaluation were
analyzed statistically using the least signiﬁcant difference test
(L.S.D) at (P 6 0.05), as done by Steel and Torri (1980).
Results and discussion
Chemical composition and quality criteria of River Nile Crayﬁsh
ﬂesh
Results presented in Table 2 show that fresh Crayﬁsh meat had
the following constituents; moisture 82.15%, protein 15.22%,
fat 1.29%, ash 1.18% and carbohydrates 0.16% (on wet
weight basis). Concerning the freshness criteria, Crayﬁsh
meat had 8.21 mg TVB-N/100 g sample, 0.72 mg
TMA-N/100 g sample, TBA was 0.27 mg Malonaldehyde/kg
sample (on wet weight) and pH value was 6.98. Moreover,
the Microbiological load, TBC, was 2.15 · 103 cell/g in the
sample. Despite of Crayﬁsh meat’s high protein content, it is
still neglected by consumers. This may be due to the small edi-
ble part which represents about 18%. Therefore, the present
study was carried out with the aim of the utilization of the edi-
ble part in Crayﬁsh, which is used as a ﬁsh meal in the produc-
tion of economic and accepted ﬁsh products.
These results were in agreement with those reported by
Holand et al. (1993) and El-Mossalami and Emara (1999),
who recorded the total protein percentage of Crayﬁsh (P. clar-
kii) (15.6, 14.9%) and fat percentage (1.51, 0.8%); respectively.
Also, Sobeia (2010) and El-Kholie et al. (2012) reported that
moisture, protein, fat, ash and carbohydrates were (81.71,
76.60%), (14.67, 19.77%), (1.93, 1.99%), (1.55, 1.45%) and
(014, 0.07%); respectively. Regarding the freshness of
Crayﬁsh meat, the obtained results were in agreement with
those reported by Bonell (1994). Bonell had reported that ﬁsh,
shell ﬁsh and ﬁsh products of good quality would have a TBA
value less than 2 mg Malonaldehyde/kg sample; while poorer
quality ﬁsh will have 3–27 mg/kg. Along the same lines,
Connel (1990) observed that the TVB-N value was useful for
estimating the freshness of lean ﬁsh, which was suggested at
30–40 mg/100 g for freshwater ﬁsh and 60 mg/100 g for marine
water (on fresh weight basis). In addition, Maga (1978)
reported that perfectly fresh ﬁsh had 3.37 mg/100 g of
TMA-N; good grade ﬁsh had 3.79–3.90 mg/100 g and fair ﬁsh
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tained as high as 59.01 mg/100 g. Shen (1996) found that the
total bacterial count of fresh ﬁsh >104 cell/g and deteriorated
ﬁsh 104–106 cell/g. These high levels were not observed in the
freshness parameters of the presently investigated fresh water
Crayﬁsh meat; this indicates the high freshness and safety
quality for processing ﬁsh products. These results were in
accordance with those reported by Zaglol and Eltadawy
(2009).
Chemical composition of canned River Nile Crayﬁsh products
Table 3 showed that the moisture content of Crayﬁsh canned
in tomato sauce (control) (CCC) and Crayﬁsh canned in
tomato sauce with vegetables was low in comparison to the
moisture content of raw Crayﬁsh meat (81.15%), which was
affected by the canning process. Also, the moisture content
of (CCC) was higher than that of the canned Crayﬁsh with
vegetables (green peas (CCP) and green beans (CCB));
74.20%, (71.32% and 73.16%; respectively). These variations
in moisture contents of canned Crayﬁsh products could be
attributed to the variation between the ingredients. They are
indicated by the low moisture levels of the canned products
containing vegetables, when compared with the control.
Regarding the protein content, it was observed that the protein
content of (CCC); 13.70% was higher than that of canned
Crayﬁsh in vegetables; (CCP) 13.05% and (CCB) 11.59% on
wet weight basis.
This may be due to the percent of ﬂesh content in the
canned Crayﬁsh control (100 g), while the canned Crayﬁsh in
vegetables was 60 g. The previous table also reveals that the
fat content of canned Crayﬁsh in vegetables; (CCP) and
(CCB) was 11.02% and 10.77% on wet weight basis, which
was higher than that of (CCC) 9.05%. This is due to the fried
ingredients such as carrot and onion. Table 3 shows that the
ash and carbohydrate contents of canned Crayﬁsh in vegeta-
bles were higher than (CCC), where ash and carbohydrates
of (CCC) were 2.70% and 0.35%. While in (CCP) they were
3.30% and 1.31%, in (CCB) were 3.26% and 1.22%; respec-
tively, on wet weight basis. These observations may be due
to the ingredients of the ﬁlling media, such as green peas, beans
and spices. Similar observations were found regarding energyTable 3 Chemical composition of canned River Nile Crayﬁsh
(RNC) products (on wet weight basis).
Constituents
(%)
Canned
Crayﬁsh in
tomato sauce
Canned Crayﬁsh in tomato
sauce with vegetables
(Control)
(CCC)
Green peas
(CCP)
Green beans
(CCB)
Moisture 74.20 ± 0.74 71.32 ± 0.59 73.16 ± 0.85
Protein 13.70 ± 0.13 13.05 ± 0.04 11.59 ± 0.09
Fat 9.05 ± 0.06 11.02 ± 0.04 10.77 ± 0.12
Ash 2.70 ± 0.19 3.30 ± 0.08 3.26 ± 0.09
Carbohydrates 0.35 ± 0. 01 1.31 ± 0.21 1.22 ± 0.51
Energy value
(kcal/100 g)
137.65 ± 0.91 156.72 ± 0.52 148.01 ± 0.08
Each value is represented as the mean ± SD of n= 3.values which could also be attributed to the effect of the ﬁlling
media. Moreover, the high energy value in (CCP) was
156.72 K Cal/100 g followed by (CCB) 148.01 K Cal/100 g
and(CCC) 137.65 K Cal/100 g sample on wet weight basis.
These results are in agreement with those reported by
El-Sherif (2001) and Abd El-Ghafour (2004).
Major composition of minerals and the nutritional values
of canned Crayﬁsh products
The nutritive value of canned crayﬁsh products under investi-
gation was determined according to the content of major min-
erals in relation to the recommended daily allowances (RDA)
for an adult man. These minerals were reported by
FAO/WHO/UNU (1985) and Food and Nutrition Board
(1989). Data presented in Table 4 revealed that all canned
Crayﬁsh products may be considered as a good source of
minerals due to the presence of major minerals such as Na,
K, P, Ca and Mg at relatively highly levels. Na (825–955), K
(450–570), P (425–505), Ca (385–490) and Mg (110–226)
mg/100 g product were calculated on wet weight basis. It was
also found that the investigated contents of the major minerals
of canned Crayﬁsh in vegetables (green pea and beans), were
higher than those of canned Crayﬁsh control (CCC); while
the contents of (CCP) were higher than that of (CCB). The dif-
ference in the values of minerals could be due to the green peas
and beans which contain high amounts of minerals. This was
indicated by Amjad et al. (2006), who found that green peas
were a good source of minerals, particularly potassium, mag-
nesium, calcium, copper, iron and zinc. They also provide suf-
ﬁcient amounts of minerals to meet the human mineral
requirements (recommended daily allowance, RDA).
On the other hand, the GDR values represented the pro-
duct weight (g) that should be consumed to meet the RDA
of each mineral for the adult man at the P.S./150 g%. The per-
centage satisfaction of each mineral’s RDA for the adult man
after 150 g of canned crayﬁsh products was consumed, is given
in Table 4. It is observed that the highest GDR values were
found for K (614–778 g), Na (419–488), Mg (200–314), Ca
(163–208) and P (158–188 g); respectively in all tested canned
crayﬁsh products. Thus, consumption of 150 g (one jar) of
any tested canned crayﬁsh products covered the major miner-
als by about P (80–95%), Ca (72–92%), Mg (47–75%), Na
(31–36%) and K (19–24%). Nevertheless, the above illustra-
tion is not expected to cover all the RDA values in one jar
(one meal). In this respect, the consumption of 150 g (while
is only one item of the meal) can cover all the expected
RDA values for canned Crayﬁsh products. These results were
in agreement with those reported by Ghaly (1995).
Amino acids, nutritional quality and value of canned Crayﬁsh
products
The composition of amino acids was determined as a way to
further investigate the quality of proteins in the tested samples.
The indispensable composition of amino acids (IAAs) compo-
sition (g/16gN) and the amino acid score (AAS) of proteins in
canned Crayﬁsh products are shown in Table 5. Notice that
there are differences in the (IAAs) contents between the canned
Crayﬁsh products. The largest amounts of (IAAs) were
observed in the canned Crayﬁsh with green peas (CCP) and
Table 4 Major minerals composition and the nutritional value of canned River Nile Crayﬁsh (RNC) products (mg/100g sample on
wet weight basis).
Minerals Daily Requirements of
adult man (RDA)a (mg)
Canned Crayﬁsh
with tomato sauce
Canned Crayﬁsh with tomato sauce in vegetables
(Control) (CCC) Green peas (CCP) Green beans (CCB)
Mg/100g
sample
GDR P.S./
150 g%
Mg/100 g
sample
GDR P.S./
150 g%
Mg/100 g
sample
GDR P.S../
150 g%
Potassium (K) 3500 450 778 19 530 660 23 570 614 24
Calcium (Ca) 800 385 208 72 490 163 92 410 195 77
Magnesium (Mg) 350 110 318 47 175 200 75 155 226 66
Phosphorus (P) 800 425 188 80 505 158 95 468 171 88
Sodium (Na) 4000 825 485 31 910 440 34 955 419 36
RDA: recommended daily allowance of nutrients for adult man reported by FAO/WHO/UNU and Food &Nutrition Broad (1989).
GDR: grams consumed to cover the daily requirements of minerals for adult man.
P.S./150 g%: percentage satisfaction of minerals consuming 150 g from the product.
a Expression necessary shows the inside of the table.
Table 5 Indispensable amino acid composition and nutritional quality of canned River Nile Crayﬁsh (RNC) products.
Indispensable amino
acids (IAAs)
FAO/WHO/UNU
(1985) (g/16gN)
Canned Crayﬁsh with tomato
sauce (Control) (CCC)
Canned Crayﬁsh with tomato sauce in vegetables
Green peas (CCP) Green beans (CCB)
g/16gN AAS g/16gN AAS g/16gN AAS
Isoleucine 1.3 4.60 354 5.44 418 5.12 394
Leucine 1.9 8.53 449 9.12 480 9.32 491
Lysine 1.6 7.45 466 8.05 503 7.59 474
Threonine 0.9 5.22 580 6.05 672 5.78 652
Valine 1.3 5.11 393 5.15 396 5.30 408
Histidineb 1.6 3.01 188 2.37 148 2.19 137
Methionine + Cystinea 1.7 2.12 124 2.06 121 2.02 119
Phenylalanine + Tyrosine 1.9 8.72 459 10.27 540 10.09 531
T.I.A.As 44.76 50.16 47.41
I.A.A.I 78.41 87.01 83.82
B.V.%. 73.74 83.11 79.63
Tryptophan not determined.
T.I.A.As.: total Indispensable amino acids. A.A.S.: amino acid score I.A.A.I.: indispensable amino acids index. B.V.%: biological value.
a First limiting indispensable amino acid.
b Second limiting indispensable amino acid.
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with sauce (control, CCC).
After comparing the total indispensable amino acid
(TIAAs) of the different canned Crayﬁsh products, it was
found that the TIAAs had the highest amount in the (CCP)
sample (50.16 g/16 g N). The other canned Crayﬁsh samples
could be arranged in a descending order according to their
sum of (TIAAs) as follows: (CCB) 47.41 g/16 g N followed
by (CCC) 44.76 g/16 g N. This may be attributed to the leach-
ing of some proteinous compounds or some free amino acids
from the ﬁlling media, i.e. vegetables to ﬂesh tissue
(Castrillon et al., 1996 and El-Sherif, 2001). It was also
observed that all canned Crayﬁsh products had a much higher
content (g/16gN) of all indispensable amino acid (IAAs) than
those of (FAO/WHO/UNU, 1985) reference patterns.
Thereby, amino acid scores (AAS) for all (IAAs) was higher
than 100 indicating that there wasn’t any deﬁciency in any
(IAAs) in the tested canned Crayﬁsh products. On the other
hand, the ﬁrst limiting indispensable amino acid (has thelowest AAS) was amino acids containing sulfur
(Meth. + cyst.), while the second limiting one was histidine,
for all canned Crayﬁsh products. Therefore, the (AAS) of these
(IAAs) was higher than 100, conﬁrming that all canned
Crayﬁsh products under investigation had a better nutritional
protein quality. In addition, the evaluation of the nutritional
protein quality was recorded by calculating indispensable
amino acid index (IAAsI) and biological value (B.V.%).
These however, were in favor of (CCP) indicating its higher
quality protein in comparison with (CCB) and (CCC); for
example (IAAsI), (B.V.%) calculated for (CCP) were 87.01,
83.11 followed by (CCB) 83.82, 79.63 and (CCC) 78.41,
73.74; respectively. This was indicated by Lisiewska et al.
(2008) who reported that the protein of green peas was of very
good quality and contained a higher amount of most amino
acids. The amino acid score exceeded 100 except for sulfur-
containing amino acids, where the score was 98. Concerning
the evaluation of the nutritional value, the results of Table 6
show the indispensable amino acid composition (g/100 g
Table 7 Sensory evaluation of canned River Nile Crayﬁsh (RNC) products.
Sensory properties Canned Crayﬁsh with tomato
sauce (Control) (CCC)
Canned Crayﬁsh with tomato sauce in vegetables LSD at 5%
Green peas (CCP) Green beans (CCB)
Appearance 8.5 ± 0.92 9.5 ± 0.52 9.2 ± 0.09 0.21
Taste 8.0 ± 0.04 9.7 ± 0.09 9.5 ± 0.06 0.21
Odor 7.8 ± 0.09 9.0 ± 0.12 9.0 ± 0.11 0.15
Texture 8.0 ± 0.0.1 9.0 ± 0.05 9.0 ± 0.01 0.24
Overall acceptability 8.2 ± 0.11 9.4 ± 0.9 9.2 ± 0.22 0.27
Each value is represented as the mean ± SD of n= 3.
Excellent: 8.6–10; very good: 7.6–8.5; good: 6.6–7.5; accepted: 5.0–6.5.
Table 6 Nutritional value of canned River Nile Crayﬁsh (RNC) products.
Indispensable amino
acids (IAAs)
USRDA (1989) Canned Crayﬁsh with tomato
sauce (Control) (CCC)
Canned Crayﬁsh with
tomato sauce in vegetables
(g/100 g sample) Green peas (CCP) Green beans (CCB)
Isoleucine g/100 g sample 0.819 0.63 0.71 0.59
GDR, g 130 115 139
P.S./150 g% 115 130 108
Leucine g/100 g sample 1.197 1.17 1.19 1.08
GDR, g 102 101 111
P.S./150 g% 147 149 135
Lysine g/100 g sample 1.008 1.02 1.05 0.88
GDR, g 99 96 115
P.S./150 g% 152 156 130
Therionine g/100 g sample 0.567 0.72 0.79 0.67
GDR, g 79 72 85
P.S./150 g% 190 208 176
Valine g/100 g sample 0.819 0.70 0.72 0.61
GDR, g 128 114 134
P.S./150 g% 117 132 112
Histidineb g/100 g sample 1.008 0.41 0.31 0.25
GDR, g 246 325 403
P.S./150 g% 61 46 37
Methioninea + Cystine g/100 g sample 1.071 0.29 0.27 0.23
GDR, g 369 397 466
P.S./150 g% 41 38 32
Phenylalanine + Tyrosine 1.197
g/100 g sample 1.19 1.34 1.17
GDR, g 101 89 102
P.S./150 g% 148 169 147
Tryptophan was not determined.
GDR: grams consumed to cover the daily requirements of indispensable amino acids for adult man.
P.S./150 g%: percentage satisfaction of indispensable amino acids when consuming 150 g from the product.
USRDA, 1989: United State Recommended Daily Allowances (g) from indispensable amino acids for adult man.
a First limiting indispensable amino acid.
b Second limiting indispensable amino acid.
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showed the consumption needed for the daily requirements
of (GDR) from all (IAAs) for the adult man after consuming
150 g (one jar) of the product (P.S./150 g%) in relation to the
USRDA (1989) reference pattern. It was also observed that
150 g of all canned Crayﬁsh products contained higher levels
of (IAAs) than that recommended by the USRDA reference.
Data obtained from the same table shows that there were obvi-
ous variations between the GDR values of canned Crayﬁsh
products as a result of the variation in their protein. On the
other hand, the ﬁrst limiting indispensable amino acid (hasthe lowest AAS) in all canned Crayﬁsh products was found
to have contained sulfur (Meth. + cyst.), which had the high-
est (GDR, 369–466 g) and the lowest (P.S./150 g%, 32–41%).
The second restricting was histidine, which had (GDR, 246–
403) and (P.S./150 g%, 37–61). Nevertheless, these results
revealed that the consumption of 150 g from any tested canned
Crayﬁsh products was approximately enough to satisfy the
daily requirements of all (IAAs) for the adult man. Finally,
it could be concluded that all canned Crayﬁsh products under
investigation especially (CCP) followed by CCB) and (CCC),
had high nutritional quality of protein and a nutritional value
Table 8 Microbiological aspects of canned Crayﬁsh meat products (cell · 103/g sample wet weight).
Bacteriological tests Canned Crayﬁsh in tomato sauce (Control) (CCC) Canned Crayﬁsh in tomato sauce with vegetables
Green peas (CCP) Green beans (CCB)
Total bacterial count (TBC) 0.150 · 103 0.107 · 103 0.120 · 103
Thermophilic bacteria ND ND ND
ND: not detectable.
Nutritive value of canned River Nile Crayﬁsh 271that was indicated by higher values of TIAAs, IAAsI, B.V.%
and P.S./150 g% but with lower GDR values. These results
were similar to those reported by El-Sherif (2001) and
Abo-Taleb et al. (2011).
Sensory evaluation of canned River Nile Crayﬁsh products
The results shown in Table 7 represent the average scores of
the organoleptic properties i.e. appearance, taste, odor and
overall acceptability. The scores of all organoleptic properties
were excellent for canned crayﬁsh in vegetables and were very
good for canned crayﬁsh control samples. The high preference
of canned crayﬁsh in vegetables may be attributed to the speci-
ﬁc tastes and odors of the vegetable mixture, which contained
green peas, green beans, carrots, onion and spices. This was in
consensus with the results reported by Amjad et al. (2006) who
reported that legumes are an excellent source of high quality
proteins, vitamins and minerals.
Therefore, canned Crayﬁsh in green peas was actually eval-
uated as the best and as excellent, followed by canned Crayﬁsh
in green beans evaluated also as excellent, while canned
Crayﬁsh control evaluated as very good. This indicated that
all canned crayﬁsh products made from freshwater and red
crayﬁsh ﬂesh were highly acceptable for panelists. These results
were in accordance with those of Abd El-Ghafour (2004) and
Abo-Taleb et al. (2011).
Microbiological aspects of canned River Nile Crayﬁsh products
Table 8 reveals the total bacterial count (TBC) of canned
crayﬁsh control (CCC), which was 0.150 · 103 cell/g. While
it was 0.107 and 0.120 · 103 cell/g in canned Crayﬁsh in
green peas (CCP) and in green beans (CCB); respectively.
These results are in accordance with the Egyptian standard
(1990) that recorded that the total bacterial counts should
not exceed 300 cell/g in canned ﬁsh products. Also, these cal-
culations are in agreement with those found in canned ﬁsh
products by Abo-Taleb (1997), Abd El-Ghafour (1999) and
El-Sherif (2001). The TBC of (CCC) was higher than that
of (CCP) and (CCB); this may be due to the antimicrobial
effect of spices found in canned crayﬁsh in vegetables.
However, the same table also reveals that the thermophilic
bacteria were not detected in all canned Crayﬁsh products;
this may indicate that the heat processing for canned prod-
ucts was sufﬁcient to destroy aerobic and anaerobic bacteria
that cause spoilage of canned ﬁsh. The same results were also
conﬁrmed by Shridhar and Shandkapal (1988) who reported
that heat treatment at 110 C for 15 min destroys spores or
vegetative cells. El-Sherif (2001) also found that thermophilic
bacteria were not detected in canned shrimp products. These
results indicated that canned Crayﬁsh products are highly
safe.Conclusion
The obtained results in the current study show that Crayﬁsh
meat contained high protein and fat contents to some extent.
TVB-N, TMA-N, TBA, pH and TBC count indicated that
the investigated Crayﬁsh meat was high in freshness and safe
in quality. Canned Crayﬁsh products under investigation,
especially (CCP) followed by CCB) and (CCC), had high nutri-
tional qualities of protein and nutritional value, as indicated
by higher values of TIAAs, IAAsI, B.V.% and P.S./150 g%
with low GDR values. Organoleptically, canned Crayﬁsh in
green peas was evaluated as best and excellent followed by
canned Crayﬁsh in green beans, which was also evaluated as
excellent, while canned Crayﬁsh control was evaluated as very
good. Microbiologically, thermophilic bacteria were not
detected in all canned Crayﬁsh products, TBC. That was in
accordance with the Egyptian standard (1990) that indicated
the safety of canned Crayﬁsh products. Canned Crayﬁsh prod-
ucts may be considered as a good source of minerals where
major minerals such as Na, K, P, Ca and Mg were found at
relatively higher levels. Finally, canned Crayﬁsh products
under investigation had a high nutritional quality and accept-
ability as follows, (CCP), as the best treatment, followed by
(CCB) and (CCC).References
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